of Pseudomonas aeruginosa produced elastase, but the others did not. The elastase-positive strains produced two proteinases (fractions II and III) , and the elastase-negative strains produced one proteinase (fraction III). Moreover, one proteinase (fraction I) was produced by both elastase-positive and elastase-negative strains, but the activity was small and negligible.
The three proteinases were separated by column chromatography on diethylaminoethyl-cellulose, and elastolytic activity corresponded to fraction II. The effect of components of the medium was slight for production of fraction II; fraction III was produced only in synthetic medium containing Ca ion and not in natural medium. The optimal pH of fractions I, II, and III for casein was 6.5, 8.0, and 10.0, respectively; that of fraction II for elastin was 7.5 to 8.0. The other characters of the three proteinases also differed. Both the proteolytic and the elastolytic activities of fraction II showed a similar behavior for various treat- ments, except the inhibition test by NaCl and serum. Fraction III proteinases from various strains were identical in their enzymatic or other characters, showing that various strains were related regardless of the difference of their elastolytic activity. The reason that the elastolytic activity of P. aeruginosa differed according to the origin of the strain is discussed on the basis of a taxonomic study; results indicate that the ability to produce elastolytic activity (fraction II) may be a dissociative character of the species.
Wilson (1930) reported that Pseudomonas aeruginosa requires Ca ion for proteinase production in synthetic medium. I observed the same phenomenon (Morihara, 1956 (Morihara, , 1962 in many strains of P. aeruginosa, but found that a few strains could produce proteinase without addition of Ca++. Recently, Mandl et al. (1962) showed that some strains of P. aeruginosa can produce elastase, but other strains fail to show any elastolytic activity. A similar phenomenon was observed by Mull and Callahan (1963) and Oakley and Banerjee (1963) . Nevertheless, my previous report (Morihara, 1962) showed that P. aeruginosa strains produce proteinase in a high yield regardless of their origin. If the elastase of P. aeruginosa possessed a nonspecific proteolytic activity as seen in the usual elastase preparation (Thomas and Partridge, 1960) , one must consider that P. aeruginosa can produce at least two proteinases, one of which is produced with the addition of Ca++ and another which is produced independently of Ca++, and one of which possesses elastolytic activity whereas the other possesses nonelastolytic activity. To verify this assumption, the following experiment was done wiLh the elastase-positive and elastasenegative strains of P. aeruginosa.
MATERIALS AND METHODS
Organisms. The IFO number strains of P. aeruginosa were kindly supplied by the Institute for Fermentation, Osaka, Japan. T 30 is a strain isolated and identified as P. aeruginosa by M. Kurachi of Kyoto University. P-M is a strain isolated and identified as P. myxogenes by Katagiri, Mugibayashi, and Morihara (1949) , but later found to be related to P. aeruginosa by Morihara (1960 Morihara ( , 1962 .
Culture. As the synthetic medium, except when specified, the following was used: 7% glucose, 1% (NH4)2HP04, 1% Na2HPO4-J. BACTERIOL. used to obtain the cells had the following composition: 4% glucose, 1% (NH4)2HP04, 1% C7 Na2HPO4 12H20, 0.2% KH2PO4, and 0.05% MgSO4 .7H20. Resting-cell suspensions were obtained by incubation at 28 C for 16 hr. Cells were harvested by centrifugation, and were washed three times with distilled water. To test for proteinase production, 5 ml of the reaction mixture containing 10 mg (dry weight) of cells, 0.02 M phosphate buffer (pH 7.0), and 0.2% fructose, with or without 10-3 M CaC12, were shaken aerobically for 16 hr at 28 C. Production of the proteinase was as follows: 500 mg (dry weight) of cells were suspended in 100 ml of the reaction mixture containing 0.02 M phosphate buffer (pH 7.0) and 1% fructose in the presence or absence of 10-3 M CaCl2 in 500-ml flasks and were shaken for 1 day at 28 C.
Columin chromatography on diethylaminoethyl (DEAE)-cellulose. A columnn (1.5 cm in diameter) containing 10 g of DEAE-cellulose (Serva, 0.81 meq/g) was washed successively with 1 N NaOH, 1 M Na2HPO4, and 0.02 M phosphate buffer (pH 8) before the run. The enzyme solution to be applied was prepared as follows. After centrifugation of the broth, a crude proteinase solution was prepared from the supernatant fluid by salting out (NH4) 2SO4 (0.8 saturation) and dialyzing against 0.02 M Phosphate buffer (pH 8.0). The yield of proteolytic activity was about 80%. A 2-ml amount of the enzyme solution (20 X 10-s to 30 X 10-3 unit in casein digestion, as described below) was applied to the column. The flow rate was adjusted to about 0.5 ml per cm2 per min, and the volume of each fraction collected was 10 ml. Enzymes, substrates, and inhibitors. Lyophilized crystalline trypsin from _Mochida Pharmaceutical Co., TokNyo, Japan, and lyophilized crystalline proteinase of Bacillus subtilis from Nagase Industrial Co., Amagasaki, Jal)an, were used.
Crystalline proteinase of P. aeruginosa IFO 3080 was prel)ared by the method described previously (Morihara, 1963 Industries, Ltd. The other inhibitors were of special or reagent grade. Natural inhibitors from soy bean and potato were prepared according to the method described previously (Morihara, 1963) .
Estimation of enzymatic activity. Proteolytic activity, except when specified, was determined by digestion of 1 ml of 2% casein solution (pH 7.4) with 1 ml of enzyme solution of pH 7.4 (suitably diluted with 0.1 M phosphate of pH 7.4) at 40 C for 10 min and estimating the liberated tyrosine by Folin-Ciocalteau's reagent, as described previously (Morihara, 1963) . The absorbancy at 670 myu was read. The specific activity (unit) was expressed as milligrams of tyrosine released per minute per milligram of enzyme (or milliliter of enzyme solution).
Elastolytic activity was determined according to the plate assay method (Sbarra, Gilfillan, and Bardawill, 1960) or the colorimetric assay method of Sachar et al. (1955) (Morihara, 1956) . Enzymatic activity on various synthetic substrates was determined by the method described previously (Morihara, 1963) .
Physicochemical studies. Moving-boundary electrophoresis was carried out in a Hitachi type HT-B Tiselius electrophoresis apparatus. Sedimentation experiments were performed in a Hitachi model UCA-1 ultracentrifuge. The methods were the same as those described previously (Morihara, 1963; Inoue, Nakagawa, and Morihara, 1963) .
Serological study. As the antigen, three times recrystallized proteinase of P. aeruginosa IFO 3080 (Morihara, 1963) , further purified by DEAE-cellulose column chromatography, was used. The immunizing method was the same as that described previously (MIorihara, 1960 Cultural characteristics. Growth, surface structure, pigmentation, etc. on bouillon-agar were observed during 1 to 7 days of incubation. Cultures on nutrient gelatin were incubated at room temperature for 10 days. For the milk test, litmus was used as pH indicator.
Reduction of nitrate. Bouillon with 0.1% potassium nitrate was used for the test. Nitrite was detected by applying a-naphthylamine and sulfanilic acid after 1, 3, and 5 days of incubation.
Production of indole. Indole was detected by use of Kovacs reagent after 1, 3, and 5 days of incubation in 1% Tryptone (Difco) water.
Production of hydrogen sulfide. Bouillon containing 0.05% cysteine was used. Hydrogen sulfide was detected by use of a lead acetate paper strip.
Amylase. Streak cultures on bouillon-agar plates containing 0.2% soluble starch were treated with iodine solution after 1, 3, and 5 days of incubation.
Catalase. Young cells grown on bouillon-agar slants for 18 to 24 hr were dipped in a 3% aqueous solution of hydrogen peroxide, and examined for production of bubbles.
Urease. Young cells grown on bouillon-agar were suspended in 0.5% urea solution and kept for several hours. Ammonia produced was detected by use of Nessler's reagent.
Cytochrome oxidase. Cytochrome oxidase was determined by the method reported by Gaby and Hadley (1957) . After 18 to 24 hr of culture, an anaphthol solution and p-amino dimethyl aniline oxalate solution were added, and the mixture was shaken vigorously for 1 to 3 min. Hemolysis. A convenient method for determining the extent of hemolysis was performed with bouillon-agar containing defibrinated rabbit blood.
Utilization of carbon compounds. The medium used was composed of 1 % NH4Cl, 1%7/ Na2HPO4-12H20, 0.2%No KH2PO4, 0.05% CaCO3, 0.05% MgSO4 7H20, and 1 % of the carbon compound to be tested. The medium was adjusted to pH 7.2. The culture was observed for 7 days at 30 C. RESULTS Production of elastase and proteinase by various strains of P. aeruginosa. but little in natural medium. A larger difference is seen in the effect of metal ions on proteinase production. As described previously (MNorihara, 1962) , all of the elastase-negative strains in Table  1 require Ca or Sr ions for proteinase production, whereas IFO 3455 does not. T 30, the other elastase producer, was also found not to require Ca or Sr ions for proteinase production by the experiment with cell suspensions.
Although a previous study concerned proteinase production by P. aeruginosa (Morihara, 1956 ), the strain used for these experiments was P. myxogenes P-M, which is now known to be an elastase-negative one. Thus, the production of elastase and proteinase in various media with the elastase-positive strains was examined in comparison with that of the elastase-negative ones (Table 2 ). An increased glucose concentration promotes the production of both elastase and proteinase in the elastase-positive strains, as seen in the proteinase production in the elastase-negative strains. MIoreover, a higher production of elastase and proteinase was attained in the elastase-positive strains by adding a higher concentration of yeast extract to the medium containing 7 % glucose, in which proteinase production by the elastase-negative strains was not accelerated but rather inhibited. In addition, (Fig. 1) .
Column chromatography on DEAE cellulose of the proteinases produced by elastase-positive and elastase-negative strains of P. aeruginosa. Proteinases of various origins, differing in elastolytic activity, were fractionated by column chromatography on DEAE cellulose. An example of the results is seen in Fig. 2 , in which the proteinase fraction initially eluted by 0.02 M phosphate buffer (pH 7 to 8) is designated as fraction I; the fraction eluted by 0.05 to 0.15 M NaCl, as fraction II; and the fraction eluted by 0.2 to 0.4 M NaCl, as fraction III. The recovery of proteolytic activity in the column chromatography was 80 to 100%. Figure 2 shows that the elastase-positive strain (IFO 3455) produces two proteinases, fractions II and III in synthetic medium, and the elastase-negative strain (IFO 3080) produces one proteinase, fraction III. Fraction I was produced by both strains, but the activity was so small as to be negligible. The same phenomenon was also observed with other strains, such as the elastase-positive T 30 and the elastase-negative P-M. Elastolytic activity was then ascertained to correspond to fraction II by the plate assay method.
The factors affecting the production of fractions II and III were further studied. Results with the elastase-positive (IFO 3455 and T 30) and elastase-negative strains (IFO 3080 and P-M) are as shown in Table 3 . Fraction II was produced in either synthetic or natural medium by the elastase-positive but not by the elastasenegative strain. Ca ion is not always required for the production, as indicated by the results with resting cells. Production of fraction III was observed in all strains regardless of their elastolytic activity, but was remarkably affected by the components of the medium. The production was seen in synthetic medium, but not in natural medium. The experiment with resting cells shows that Ca ion is essential for the production.
Characters of the three proteinases from the elastase-positive strain (IFO 3455 (Morihara, 1963 Other inhibitors, such as DFP (10-3 M), cysteine (10-3 M), sodium cyanide (10-3 M), sodium thioglycolate (10-3 M), and p-chloromercuribenzoate (10-4 M), had little effect on the proteolytic activities of the three proteinases, and on the elastolytic activity of fraction II. Monoiodoacetic acid (10-2 M) did not affect the proteolytic activity of fractions I and III, but partly inhibited the proteolytic and elastolytic activities of fraction II. Natural inhibitors from soy bean and potato also had little effect on the proteolytic activities of the three proteinases; in similar concentrations, the crystalline trypsin and proteinase of B. subtilis were inhibited almost completely.
It is a well-known fact (Mandl, 1961; Mandl and Cohen, 1962; Walford and Kickh6fen, 1962) that NaCl and serum specifically inhibit the elastolytic activities of many elastase preparations. In the experiment shown in Table 8 , the elastolytic activity of fraction II was inhibited by NaCl or serum, but the proteolytic activity was little affected.
Comparison of proteinase fractions from various origins with those from strain IFO 3455. Enzymatic characters of each proteinase fraction prepared from the various strains, T 30, IFO 3080, and P-M, differing in elastolytic activity and cultured in either synthetic or natural medium, were compared with the enzymatic characters of the corresponding proteinase fraction from strain IFO 3455. It was found that the enzymatic character of each proteinase fraction was identical with the corresponding proteinase fraction regardless of its origin. Moreover, precipitation reactions between proteinase fractions from various origins and the antiserum of the crystalline proteinase from IFO 3080 were examined ( Table 9 ). The antiserum specifically reacted with fraction III from various origins. The minimal concentration of fraction III which showed a clear ring against the antiserum was 5 ,ug/ml in all cases. Further comparative study was made on the physicochemical properties of the crystalline proteinase (fraction III) from IFO IFO 3455  I  -II  -III  +   T 30  I  -II  -III  +   IFO 3080  I  -III  + P-M I -III + * Each proteinase fraction prepared by column chromatography was dialyzed against distilled water and lyophilized. The lyophilized material was dissolved in 0.85% NaCl, and the precipitation reaction was examined on the enzyme solution (1 mg/ml). The observation was continued for 2 hr at room temperature. previously (Morihara, 1963) . The above results not only show that the crystalline proteinase of IFO 3080 corresponds to fraction III, but also suIpp)ort the identity of the four crystalline l)roteinases (corresponding to fraction III) from IFO 3455, T 30, IFO 3080, and P-AM.
Taxonomic studies on the elastase-positive and elastase-negative strains of P. aeruiginosa. Figure 4 shows electron micrographs of the elastasep)ositive (IFO 3455 and T 30) and elastase-negative strains (IFO 3080 and P-MI). The size of the cells of strains IFO 3455, T 30, IFO 3080, and P-AI was 0.5 to 0.6 by 1.3 to 1.7 ,u, 0.6 (Mandl et al., 1962; Mull and Callahan, 1963; Oakley and Banerjee, 1963 ) that some strains of P. aeruginosa produce elastase but others do not. My data support this observation, and further show that the elastase-positive strains can produce proteinase in either synthetic or natural medium, in clear contrast to the elastase-negative strains which can produce proteinase only in synthetic medium containing Ca ion. Further study showed that the elastase-positive strains produce two proteinases (fractions II and III) which are separated by column chromatography on DEAE cellulose in synthetic medium containing Ca ion and one proteinase (fraction II) in natural medium, and the elastase-negative strains produce one proteinase (fraction III) in synthetic medium. Moreover, one proteinase (fraction I) is produced in all cases as above, but the activity is so small as to be negligible. Elastolytic activity corresponds to fraction II. Thus, it is clear that the difference between the elastase-positive and elastase-negative strains lies in the ability to produce fraction II, which shows elastolytic activity and is produced either in synthetic or natural medium.
Such a remarkable difference of elastolytic activity observed in various strains might suggest a possibility of obtaining a strain which shows higher potency than strain IFO 3455. To obtain an elastase-positive strain, one should pick up a strain which shows a high proteolytic activity in bouillon, in which elastase-negative strains show little proteolytic activity. On the other hand, fraction III is produced by all strains regardless of their elastolytic activity, and little difference is observed in the potency of the producing ability among the various strains. This suggests that it is difficult to obtain a strain which is a high producer of fraction III. However, the production is essentially affected by the components of the medium, as shown in the proteinase production of the strains P-M (Morihara, 1956 ) and IFO 3080 (Morihara, 1962) which are now known to produce one proteinase, fraction III. That is, Ca ion is essentially required for the production, and the production is promoted along with the increase of the concentration of glucose in synthetic medium, whereas natural medium such as bouillon inhibits the production. From the above, one can conclude that the decisive factor for the production of fraction II is in the strain and that for fraction III is in the medium. Mandl et al. (1962) pointed out that various elastolytic activity is observed in strains not only of P. aeruginosa but also B. subtilis and Streptomyces. The present results with P. aeruginosa add additional information for B. subtilis and Streptomyces.
It has been shown that Ca ion is an indispensable agent for the production of some bacterial proteinases (Merrill and Clark, 1928; Wilson, 1930; Morihara, 1956 Morihara, , 1962 . The examination is usually made by determining the proteolytic activity in broth cultured in synthetic medium with or without addition of Ca ion. The test is valuable when the bacteria produce one proteinase. That is, it is impossible to detect the essential effect of Ca ion even if the bacteria require Ca ion for the production of one proteinase, when the bacteria possesses the ability to produce other proteinase regardless of the presence of Ca ion, as seen in the elastase-positive strains of P. aeruginosa. In cell suspensions, the strains produce two proteinases (fractions II and III) in the presence of Ca ion and one proteinase (fraction II) in the absence of Ca ion. This observation may lead to the consideration that some works concerning proteinase production from different bacterial origins have missed the essential effect of Ca ion.
The three proteinases differ in their enzymatic characters and can be called neutral, semialkaline, and alkaline proteinase, respectively. This and the above data concerning factors for production of each proteinase fraction show that the three proteinases are not formed by modification of any one proteinase.
Purified elastase preparations from various origins show a nonspecific proteolytic activity as well as an elastolytic activity (Thomas and Partridge, 1960; Mandl, 1961; Walford and Kickhofen, 1962) (v) NaCl and serum inactivate the elastolytic activity but affect only slightly the proteolytic acti-itv. The phenomenon of (v) is observed in many highly )urified elastase l)rel)arations (Mandl, 1961; Mandl et al., 1962; Walford and Kickh6fen, 1962) Nevertheless, it is known that pyocyanine-producing strains of P. aeruginosa commonly lose the capacity to produce the pigment (Gaby, 1946) . Thus w-e must know the history of the organism.
In fact, the data for strain P-AI, which was examine(l in 1949 (Katagiri et al.) show that the size is 0.4 to 0.6 by 1.2 to 1. 
